Background {#Sec1}
==========

Renal Cell Carcinoma (RCC) represents 2--3% of all adult neoplasms. It is the prevalent type of kidney cancer, accounting for a broad spectrum of histological entities. The three most represented RCC types are: clear cell, papillary and chromophobe \[[@CR1], [@CR2]\]. Unfortunately, more than 20% of patients are diagnosed with metastasis at clinical presentation. The association with locally advanced RCC worsen the prognosis \[[@CR3]\]. In 75% of cases metastases are hematogenous and spread through the renal vein and the vena cava towards lungs, liver, adrenal glands and, skin with the pancreas fifth frequently involved organ \[[@CR4]\]. In fact, RCC represents the most common primary tumour leading to pancreatic metastasis, that accounts for at least 2% of all pancreatic malignancies \[[@CR5], [@CR6]\].

Metachronous resection of metastases from primary RCC are more commonly described than synchronous one and time of metastatic onset is discussed as an important prognostic factor \[[@CR7], [@CR8]\]. To our knowledge, only four studies reported synchronous treatment of RCC pancreatic metastasis, using "en bloc" removal of kidney, spleen and pancreatic tail \[[@CR9]--[@CR11]\]. However, in advanced renal disease the role of surgery is debated mainly because of significant post-operative morbidity, beyond the development of new immunotherapies \[[@CR11], [@CR12]\]. Moreover, the pancreatic metastasectomy should be performed on a patient with good performance status and at an experienced center, when a survival benefit could be proven \[[@CR3], [@CR13]\]. Both laparoscopic and robotic approaches have been established as safe and seem to have comparable outcomes for pancreatic surgery, although the last one may be associated with fewer conversions rate and a more intuitive approach \[[@CR14], [@CR15]\]. The first case of robot-assisted "en bloc" radical nephrectomy, splenectomy and distal pancreatectomy, for a locally advanced RCC, was only recently reported \[[@CR16]\] .

Herein, we present a synchronous robot-assisted treatment of an oligo-metastatic kidney cancer with a pancreatic tail metastasis. To our knowledge, this is the first report of a simultaneous robotic treatment of a kidney cancer with resection of its pancreatic metastasis, without removal of the spleen.

Case presentation {#Sec2}
=================

A 68-year-old woman was admitted at our facility for gross haematuria and ultrasound scan positive for a left renal mass. After further evaluation with CT scan, a 13 cm mass (Fig. [1a](#Fig1){ref-type="fig"}) of left kidney (PADUA score 12), with a single pancreatic mass of about 2.5 cm, located in the pancreatic body, close to its tail were demonstrated (Fig. [1b](#Fig1){ref-type="fig"}). Work-up of staging ruled out other distant metastases or primary tumor, there was no evidence of inferior vena cava thrombosis and urinary cytology shows no abnormal cell. The patient referred no additional urological symptoms at the hospital intake. No major comorbidities were recorded: the Charlson Index score was 2, and the Eastern Cooperative Oncology Group (ECOG) was 1.Fig. 1Pre-operative Computed Tomography (CT) scan: yellow arrows indicate the left renal mass (**a**) and its pancreatic metastasis (**b**)

After tracheal intubation, under general anesthesia, the robot operating arms were installed behind the patient's head. The procedure was entirely performed by a robotic-skilled urologist, with a general surgeon as bed-assistant, using the da Vinci Si® surgical system (Intuitive Surgical, Inc., Sunnyvale, CA, USA). We chose a trans-peritoneal approach, using a 5-port method, with lazy right lateral decubitus, angled at 45 degrees. Ports were placed in our usual robot assisted trans-peritoneal nephrectomy template, but they were shifted medially to accommodate for the planned distal pancreatectomy (Fig. [2](#Fig2){ref-type="fig"}). The optical trocar (12-mm) was placed at the umbilicus to allow the passage of a 30-degree and dual lens robotic camera. Three 8-mm robotic trocars were inserted for EndoWrists. CO~2~ pressure up to 12 mmHg was established. We started with a latero-colic incision and the dissection of the gastro-colic ligament. We entered into the epiploic retrocavity; the stomach was lifted up and the colon moved down by gravity. For better exposure of the pancreas' tail, the transverse colon was freed up off its inferior border. We identified the body of the pancreas and the splenic vessels which were carefully dissociated by the pancreatic tail (Fig. [3](#Fig3){ref-type="fig"}). After that, we dissected the upper and lower edges of the normal pancreatic tissue, starting at the right side of the mass, in a latero-medial fashion. Through a bipolar dissection we isolated the metastasis using Hem-o-lok to ensure hemostasis. The dissection was conducted by closely controlling each parasitic vessel. Blunt dissection was applied when the tumour was close to the main pancreatic duct. The tumour was progressively mobilized from deep to superficial. Once the metastasectomy was completed we apposed Floseal® (Baxter Healthcare Corporation, Deerfield, Illinois, US) on the resection bed and the specimen was temporarily placed into an endo-bag. Then we began the renal dissection. Once the anterior surface of the kidney was exposed, multiple veins were encountered on the surface of Gerota's fascia and controlled using individual Hem-o-lok. The renal hilum was completely dissected, being as medial as possible to ensure a good number of lymph node removals. Thus, we completed the left radical nephrectomy after division of ureter and gonadal vessels. No intra-operative complications were encountered. After positioning of both the specimens into the endo-bag we extracted them by peri-umbilical incision. A Jackson-Pratt drain was kept for 1 week.Fig. 2Robotic trocars' positioning in lazy right lateral decubitus, angled at 45 degreesFig. 3Intra-operative image shows the robotic dissection of metastatic lesion (yellow arrows) within the pancreatic tail, with preservation of splenic vessels

Peri-operative hemoglobin change was 2.4 g/dL (11.8--9.4 g/dL). Total operative time was 213 min and console time was 180 min. Postoperative total platelet count was 230.000/mmc. The post-operative course was uneventful. The patient was discharged at the 7th post-operative day, after drain removal. The gross examination shows a 13 cm encapsulated, yellowish-red mass of the left kidney, and a 2.5 cm enucleated pancreatic mass with similar visual characteristics (Fig. [4](#Fig4){ref-type="fig"}). The pathologic assessment showed a pT2b N0 M1 RCC of the left kidney, and a RCC metastasis in the body of the pancreas, both showing a Fuhrman grade II (5a-b). Pancreatic metastasis showed a fibrous avascular, pseudocapsular reaction surrounding malignant cell, as the primary RCC (Fig. [5b](#Fig5){ref-type="fig"}). Surgical margins were negative in both specimens. Serum creatinine at 1 month was 1.33 mg/dl. After 9 months of follow up the patient had no evidence of disease recurrence at whole-body TC scan. Thus, after multidisciplinary evaluation involving a urologist and medical oncologist no adjuvant therapy has yet to be administered.Fig. 4Specimen of left renal kidney and its pancreatic metastasisFig. 5Microscopic evaluation of primary kidney cancer shows the histological appearance of RCC Fuhrman grade II (**a**). Microscopic evaluation of the metastasis specimen shows the histological appearance of RCC Fuhrman grade II, surrounded by its pseudocapsule (red arrows), which is partially covered by sane pancreatic parenchyma (**b**)

Discussion and conclusions {#Sec3}
==========================

RCC represents the most common primary tumour leading to pancreatic metastasis, although the pancreas is only the fifth most frequent organ to be involved \[[@CR5], [@CR6], [@CR17]\]. The incidence of synchronous disease is reported to be about 12% and, if pancreas is an isolated site of RCC disease it is associated with a more favourable prognosis compared to other metastatic sites \[[@CR18]\]. While the removal of pancreatic metastases from other than RCC usually portends a poor prognosis, evidence is mounting that resection of RCC's metastases is associated with improved outcomes \[[@CR5], [@CR20]\].

Minimally invasive surgery has become the gold standard in different common surgical procedures though pancreatic surgeons use this technique less frequently in their performances, despite the fact that robotic instruments give invaluable advantages over the laparoscopic approach. Here we present the first case of synchronous robotic nephrectomy plus enucleation of its pancreatic metastasis with spleen preservation.

A systematic bibliographic research up to March 2018 was conducted in PubMed and Scopus. The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) was followed for our bibliographic research (Additional file [1](#MOESM1){ref-type="media"}) \[[@CR21]\]. Two authors (AB, DC) independently performed online bibliographic searches in order to identify titles and abstracts of interest.

The following search strategy were used in PubMed (("pancreatectomy"\[MeSH Terms\] OR "pancreatectomy"\[All Fields\]) AND ("neoplasm metastasis"\[MeSH Terms\] OR ("neoplasm"\[All Fields\] AND "metastasis"\[All Fields\]) OR "neoplasm metastasis"\[All Fields\] OR "metastasis"\[All Fields\])) AND ("kidney neoplasms"\[MeSH Terms\] OR ("kidney"\[All Fields\] AND "neoplasms"\[All Fields\]) OR "kidney neoplasms"\[All Fields\] OR ("renal"\[All Fields\] AND "cancer"\[All Fields\]) OR "renal cancer"\[All Fields\] OR "nephrectomy"\[All Fields\]).

All titles and abstracts were assessed to select those focusing on pancreatic conservative surgery for RCC metastasis. Subsequently, the full-text of the selected papers were independently screened by two authors (AB and GC) for eligibility. When there was overlapping between multiple articles published by the same authors and no difference in the examined time, only the most recent paper was enclosed to avoid double counting. The Pubmed function "related articles" and Scopus database were used to search further articles.

In this review, we considered both comparative and non-comparative studies, irrespectively of their size, publication status and language, which included patients who underwent conservative pancreatic surgery for RCC metastasis, irrespectively of the type of surgical approach used for comparative group (robotic, laparoscopic or open).

Studies which not reported conservative pancreatic surgery for metastasis originating from RCC were excluded.

Full texts of relevant articles were further assessed for inclusion in this study. We finally included 32 articles (Table [1](#Tab1){ref-type="table"}).Table 1Review of previous reported case of surgical treatment of RCC pancreatic metastasesReferenceYearN° of casesMean age (yy)% Female (N)HistologyFuhrmanMean metastases size (cm)Surgical approachOperative procedure (n)% Synchronous with primary (N)Post-operative complicationsMedian follow-up after metastasectomy (months)Yagi et al. \[[@CR52]\]201775957% (4)Clear cellsNA2OpenDP (4) + PPPD (2) + TP (1)0Fistula (1)138Nihei et al. \[[@CR53]\]2016169100% (1)Clear cellsNA2OpenDP + splenectomy00228Miura et al. \[[@CR54]\]20161720Clear cells2NAOpenSTP0020Abdul-Muhsin et al. \[[@CR16]\]2016157100 (1)Clear cellsIII3Robot-assistedLeft nefrectomy + DP + splenectomy (1)100 (1)012Boussios et al. \[[@CR55]\]20161630NAII1.5OpenDP + splenectomy + cholecystectomy (1)006Garcia-Mayor FernàNAez et al. \[[@CR56]\]2016172100 (1)NANANAOpenDP + splenectomy (1)0NANAFacy et al. \[[@CR57]\]2013136546 (6)NANANAOpenNA8.3 (1)NA48Niess et al. \[[@CR58]\]2013166550 (8)NANA3.1OpenDP + splenectomy (7); DP (3); TP (1); PPPD (3); WPD (2)NANANAZygulska et al. \[[@CR59]\]2012176100 (1)NANANAOpenDP + splenectomy (1)0NANAHuscher et al. \[[@CR22]\]2012167100 (1)NANALocally advancedLaparoscopyLeft nefrectomy + DP + splenectomy (1)/NANAYazbek et al. \[[@CR31]\]201214739.1 (1)NANANAOpen3 WPD, 4 DP with spleen-preservation, 1\
Completion Pancreatectomy, 4 enucleations aNA 2 enucleo-resections9.1 (1)36.4 (4)NAThadani et al. \[[@CR60]\]2011167100 (1)Clear cellsNA5.8OpenDP + splenectomy (1)0NANAYou et al. \[[@CR61]\]20117NANANANANAOpenNA0NANABarbaros et al. \[[@CR24]\]2010159100 (1)Clear cellsNA3 + 1.5Single- site laparoscopyDP + splenectomy (1)0100 (1)NAKonstantinidis et al. \[[@CR35]\]2010206835 (7)NANA3OpenNA5 (1)NA36Mourra et al. \[[@CR62]\]20108NANANANANAOpenNA0NANAStrobel et al. \[[@CR63]\]200931NANANANA3OpenNA0NANAReddy et al. \[[@CR34]\]200821NANANANA4OpenNANANANAZerbi et al. \[[@CR33]\]2008236531 (7)NANANAOpenNA039.1 (9)31Eidt et al. \[[@CR20]\]20077NANANANA4.9OpenDP + splenectomy (1); TP (3); PPPD (2)NANA46Crippa et al. \[[@CR64]\]200656460 (3)NANANAOpenDP + splenectomy (3); PPPD (1); WPD (1)0NANAJarufe et al. \[[@CR65]\]20057NANANANANAOpenNANANANADe Fazio et al. \[[@CR66]\]20041740NANANAOpenDP + splenectomy (1)0100 (1)NAMoussa et al. \[[@CR67]\]20047NANANANANAOpenNANA0NABassi et al. \[[@CR36]\]2003176432 (5)NANANAOpen7 DP with splenectomy, 2 PDs, 2 TPs\
3 DPPHR, 1 MD\
aNA two enucleations, one of which was carried out in combination with a DP)047.1 (8)33Giulini et al. \[[@CR48]\]2003173100 (1)Clear cellsNANAOpenMetastatectomy (1)0NANAHernanez et al. \[[@CR68]\]20031640Clear cellsNA2LaparoscopyDP (1)00NALaw et al. \[[@CR69]\]2003146464 (9)NANANAOpenNA7.7 (1)032Yachida et al. \[[@CR70]\]20021660NANA2,5OpenDP + splenectomy (1)00NAFricke et al. \[[@CR71]\]2000169100 (1)NANANAOpenDP + splenectomy (1)0NANAGhavamian et al. \[[@CR19]\]2000116666 (7)NANANAOpenNA0048Le Borgne et al. \[[@CR72]\]20005NANANANANAOpenNANANANAAbbreviations: *NA* not available, *DP* distal pancreatectomy, *STP* sub-total pancreatectomy, *TP* total pancreatectomy, *MD* middle pancreatectomy, *PPPD* pylorus preserving pancreaticoduodenectomy, *WPD* whipple pancreaticoduodenectomy, *DPPHR* duodenum-preserving pancreatic head resection

Three cases of laparoscopic distal pancreatectomy for metastatic RCC (mRCC) were reported \[[@CR22]--[@CR24]\]. A unique case of single site distal pancreatectomy and splenectomy was performed \[[@CR24]\]. In one case "en bloc" removal of distal pancreas, left kidney and spleen was performed \[[@CR16]\]. A single case of robotic "en bloc" resection was only recently reported \[[@CR18]\]. Recently, McNichols et al. found that among the 158 patients with RCC who survived more than 10 years, 11% had late recurrence in the form of metastasis \[[@CR25]\]. Typically, metastasis is diagnosed many years after nephrectomy, with a longer time to metastatic disease associated with better prognosis, reflecting a relatively indolent disease \[[@CR26], [@CR27]\]. The five-year survival rate of patients with untreated metastatic renal cell carcinoma is account to be of 13%, while it grows up to 65% after surgical resection \[[@CR28], [@CR29]\].

In large studies, most of pancreatic metastasectomies are performed using a standard pancreatic resection, that includes either Pancreatico-Duodenectomy (PD), or Distal Pancreatectomy (DP), or Total Pancreatectomy (TP) \[[@CR26]\]. Among the three known types of pancreatic involvement by RCC, the most common (50--73%) is that of a solitary, well-defined mass, rather than multiple pancreatic lesions (5--10%) and diffused metastatic infiltration causing enlargement of the organ (15--44%) \[[@CR30]\]. Atypical resection for RCC metastasis, such as enucleation, enucleoresection or central pancreatectomy, seems to be associated with better quality of life without diabetes mellitus by preserving a maximum of pancreatic tissue \[[@CR31]\]. However, their role is less studied, and this approaches is reserved to multilocality \[[@CR7]\].

Considering both minimally-invasive and open approaches, the surgically removed RCC metastasis' range of size is reported to be within 1.5 and 4.9 cm, (Table [1](#Tab1){ref-type="table"}). However, the size of the tumor is not the main factor determining the type of resection, whereas the depth in organ involvement is of high importance, with a distance \> 3 mm from the main pancreatic duct consider as safe to proceed with pancreatic enucleation \[[@CR32]\]. One of the arguments supporting standard resection instead of an atypical one is the ability to find pancreatic lymph nodes; although an extensive review of the literature indicates that the involvement of lymph nodes in metastatic pancreatic malignancy is extremely unusual, not affecting the patient's prognosis \[[@CR18], [@CR33], [@CR34]\]. Another argument against atypical resection is the high early recurrency rate, reported by Bassi et al. to be about 50%. Zerbi did not confirmed these results and proposed that this high recurrent rate was determined by undetected multilocality rather than as the consequence of an inadequate surgical procedure \[[@CR31], [@CR33], [@CR35]\]. In our opinion, the high recurrency rate could be partially explained by the absence of modern immunotherapies and diagnostic tools at the time of these studies \[[@CR36]\].

Organ-sparing treatment of pancreatic metastasis seems to be unexceptionable thanks to a similar fibrous avascular, pseudocapsular reaction that surrounds the tumour as previously demonstrated \[[@CR36]--[@CR38]\]. In particular, robotic tumor enucleation was judged as safe and effective for benign or borderline tumors in both sides of the pancreas and did not increases the rate of clinical major complications, as comparing to the open approach \[[@CR39]\]. Our pathological report confirms similar characteristics between the pancreatic metastasis and the primary RCC (Fig. [5a](#Fig5){ref-type="fig"} --[b](#Fig5){ref-type="fig"}).

Beyond the introduction of new surgical techniques, the management of mRCC has changed dramatically in the last 20 years, thanks to the development of effective immunotherapies for advanced disease \[[@CR6], [@CR11], [@CR12]\]. The major change with reference to treatment for mRCC was the introduction of drugs directed against the Vascular Endothelial Growth Factor (VEGF) and mammalian Target Of Rapamycin (mTOR) pathway. In addition, the high rate of responses obtained by the use of Tyrosine Kinase Inhibitors (TKIs) in this subpopulation, suggest their use as neo-adjuvant or adjuvant therapies, even though the median survival of patients undergoing surgery was reported to be 103 months versus 86 months in patients treated with TKIs \[[@CR27]\].

Not by chance, in a metastatic kidney disease the resection of primary tumour combined with adjuvant immunotherapy is justified by the improved prognosis, due to an enhanced immune-mediate response to systemic treatment and removal of a source of growth factors and immunosuppressive molecules. A patient obtains a benefit from a metastasectomy only when the primary tumour is resected, not only because of relief from mass-related pain or haematuria, but also for removal of a source of additional metastases and para-neoplastic syndrome \[[@CR40]--[@CR42]\].

Validated prognostic factors are needed to choose the best management of these patients and the best cost-effectiveness strategy because of the wide range of low- and high-grade adverse effects linked to the use of the TKIs \[[@CR27]\]. In fact, since the introduction of the Memorial Sloan--Kettering Cancer Center (MSKCC) three risk categories, it was clear that the response to systemic therapies is mainly linked to patients' clinical and laboratory parameters \[[@CR28]\]. In addition, the International Kidney Cancer Working Group identified five independent prognostic variables (haemoglobin, white cell count, LDH, alkaline phosphatase and calcium) \[[@CR6]\]. The removal of the spleen may affects these parameters while a spleen-sparing procedure maintains the platelet count, preserving post-operative immunologic capabilities \[[@CR43]--[@CR46]\]. This conservative surgery was performed, to date, mainly for benign tumours or low-grade malignancies of the body and the tail of pancreas or for chronic pancreatitis \[[@CR47]\]. Giulini et al. reported a case of pancreas metastasectomy with spleen preservation for a 2.6 cm pancreatic mass diagnosed 24 years after nephrectomy \[[@CR48]\]. Robot-assisted surgery allow a meticulous control of the splenic vessel fundamentals for its preservation \[[@CR15]\]. Moreover, a robotic approach is linked to a better splenic preservation and lower positive margins rate, a minor hospital stay, and a better and faster recovery, as demonstrated by a recent meta-analysis \[[@CR49]\].

Neverthless, as first step our patient was advised on a considerable chance of conversion to open surgery. We decided to perform a robotic approach followed, eventually, by a post-operative immunotherapy \[[@CR42], [@CR50]\]. It should be noted that this robotic procedure is complex and the surgical indication should be carefully examined. The surgeon should be prepared for open conversion and vascular complications \[[@CR16]\]. We believe that in selected patients, pancreatic metastasectomy is safe and improves overall survival. However a cautious approach should be adopted taking into consideration the biological behaviour of the primary tumour given as the morbidity of pancreatic surgery varies between 20 to 40% \[[@CR51]\]. In our opinion, the preservation of the spleen in the case of synchronous resection of primary and metastatic tumour can be of paramount importance in consideration of the necessity of adjuvant systemic treatment \[[@CR44]\]. Future research in biological features associated with tumor behavior and tumor response to therapy are needed to determine the best strategies for an individualized therapeutic approach.

Additional file
===============

 {#Sec4}

Additional file 1:PRISMA flow chart of literature search. We report a schematic resume of our bibliographic research strategy in order to select paper focusing on pancreatic conservative surgery for RCC metastasis, according to PRISMA guidelines. (PDF 107 kb)
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